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This is to certify that the following application annexed hereto 
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oil 21 & s^^jai- m &=?muo. 

stCHSi (21) CHdISi 
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§!, fll60£°l ^§ 

CH £I2I 
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^ ^5^1 7)^51 *P^^h§: ^^^i, TaON 

^ TaON ^ ^ NH 3 N 2 0 £-^7HH<2} w>4^^ ji^-^ TaON 

^(£=30-100)* ^^sr>S.S.^|, TaON ^^<^X\ e^s^I-^ 

^ TaON -^^^ 
5. Id 
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T a 0N a 4^ ^ A {Method of forming capacitor with 

multi-layered TaON dielectic layer} 

£ la £ ld^ <^>>HH TaON^^r ^ *!KE^^1 

£ 2^ -g- 2%- TaGN^-i- ^ ^^^l^ aflS «o v lHH TaON 

10: <£z\&7]% 20: ^^H^^ 
30: ^H^^- 32a: lTaON^ 
32b: *fl 2TaON^-^" 32 TaON -f}-^ 

34: ^^q- 
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<8> £ igvgo- ^sflAlE^ ^l^^l ^ %o_g.*\ t m-S] DRAM°1] 

^71^ ^71^ ^# 7fl^Al^l 7l^o]t^. 

^ -n-^i^ NOCNitride - Oxide) 5E^ 0N0(0xide - Nitride - Oxide)^ 2 -^:^^ 
Ti^Htli* 3t£.$t ^ 9XS± Ta 2 0 5 (-fr3i^=20~25) ifl*l BST(BaSrTi0 3 ) ^-SLS. tfl^l 

<n> tt^, aje^lfe N0-f}-*i* £"tt ^3flAlE^7> 256M *H|tfl iflJieH -%- 

*&-gr ^iL^r-fl *V7^1« iLo}jL ^7l nfl^-ofl Ta 2 0 5 -fr^ 7fl^o] ^l^^^l ^cf. 

*>^1^>, °1 Ta 2 0 5 ^ Ir^^r sH^-M (stoichiometry)* %3l £M Ta^ 02] 
*r°H 7l<?l^: Ta^^>7> ^vflbll ^fl^ ^tfj-ofl &o.^ se^V, -fi-#^ *H 
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Sl Ta 2 0 5 ^ ^aflSl Ta(0C 2 H 5 ) 5 ^ ^-7j#4 0 2 (^^ N 2 0)7>i^ aV-g-ilS °m 

1:^1-^ €4iWl-(C, CH 4 , C 2 H 4 ^) ^ #(H 2 0)°1 ^ , 

Ta 2 0 5 ^-^^1 ^*fl*H=- oxygen vacancy)^ lr^#3L €^fl*Rr °1 

sit!: Ta 2 0 5 -i-<£#-i: ^171^71 4)*H I^Hl-I- plasma N 2 0 Hl^r 

UV-0 3 )# #^J13. ^^§>Jl 5a*l# o] 3q-^o] Ja-#*H Ta 2 0 5 

<12> ^-^^ ^"71^ ^ #2fl 7]^S] ^1^* *M^7l fl^M -fr^JLS 

-fr^^l ^<3^1 Ta 2 0 5 ^Jit)- -f^rtb #7l^ ^ TaONiLS. tfl*fl*}Jl «] 

~ ^ TaON ^ ^ ^* li| <>1# ^a]^ TaON **hfl<HH t^SHM €S1<>1 

-£l*r lr^#* *Q 7^2.3.*! -H-fh^* ^ ^% TaON^-i: 3Hr ^ 

*KE*ll ^ *}Jf#^Mr ^*Kr ^AQ, f^tt 5.^1 

TaON^-S] ^^-4 o^iy^^g- lsl ^ ji-B-^w]-^ fg 
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<14> ^-tgci] TaONS] -B-^^7> 25°1^ ji-^-^^.^- 7 }x\^ sj- 

«h3 ^^Si Ta 2 0 5 ^.a^- ^Ff^^ ^sJ-^-g-^S. NO -R-*l 

^ Ta 2 0 5 « 3Hr ^sfl^B^cf -§-7> #3}-^ -^ 1(Tox)# ^ ^ ^ oj^. a^n]- o}^5} 

<is> zl ^ ^sf, ^ #^£r TaON^r 71^1 <y^S NH 3 N 2 0 

ffl7li>H nfl-£-<H] a]^^ TaON ^-^^H ^i^-W^ 



<17> J£ la £ ld^r <H^HH1 TaQN^-i: ^ «h£3]#*l 

<18> -f^, £ la<^| 5=*l^l «>H^1 71^5. a-1 ^5l^7]^:(10)^ 

n 7l^r(10) USG(Undoped Silicate Glass), BPSG(Boro Phospho Silicate Glass) 

^ SiON ^<*fM 41 ^ #^>J1 5)-^ 7H1^^p> (Chemical Mechanical 

Polishing) -^l^H %-^^(20)-ir 71^(10)^ «-^<g 
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^^^^-(20)* &q ^*C£*1*1-*1 ^W-. 

^^^"(30)^: ^tr^. o)uft t ?\^X\b\*\ 

*H *>-¥-^^ 5.^ -S-€ ^-S^ HSGCHemi Spherical Grain)3. ^5. 
<20> zl cf^-, £ lb ^ S. lc» f2^^1 TaONS|^ ^a}-^ <^ 

■g- ^HHH^ 150 A*] ^ 2# JL-fr^^(32a,32b)(32)-i- ^3-, 

TaON^B}- 7l (gas phase reaction)^ ^^1^ $\]°]*\ #°fl S 1 ^ 

^(surface chemical reaction)^: -fK£SH 300°C~600r^ x\ °^^7]^^^ ^«H1 
*\ TaON^^r ^^jtb^. 

<2i> ^, JE lb«\] w><4 ^c], i*}.^. ti]^^ lTaON^-(32a)# 300~500t: Ufl ^1 

^ #^>^ NH 3 S^r N 2 0 ^-^|7loflA] o^ig -^^l^cf. ZLejji, £ 

lc<H] ^-c], <g4^lH wl^g^ *)1 2TaON^"(32b)# ^^}Jl NH 3 N 2 0 

f^uf o. ^ ^Al-gfl^cf. ^sj-sf l^o]Aj- 

^^S^l TaON^^H ^7fl<5}^ Ta^7> ^ ^d-SS-i- ^VsJ-a] ^ 

*H^*r^>M 30-100^ ^ XJrf. 

<22> Aj- 7 i t\% j7 0.^MVB]-(32)^ ti]^^ TaON ^ ^-£r Ta^^r^l 2}-^7lS. 

^ 99.999%<>1#^ Ta(0C 2 H 5 ) 5 5q- Tas^-i-gr ^ -B-^*)H 7] (Mass Flow 
Controller)!- -f-sfl^ 150~200°C^ f£ >33HH ^^S. -fr^l^ ^7] SE^r 
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^^3. 300mg/min°lS}5. ^SRr ?J°1 a>^^4. o]ufl, ^.5] 2]^ 

(orifice) ^#(nozzle)# 5Ef-*r ^71^ #^o]jl Ta #7l°] ^-^(flow path)7> 

3tt Ta ^7l^| -g-i§M- «^1^7] 150°C~200°C^ ^£ ^# *cK> -fr*l 

Al^c]-. ol^ ^ ^ ^ ^71^2}- ^ifliiL ^€ Ta(0C 2 H 5 )5 

711- NH 3 «]:-§- 7]-^(10sccm~500sccm ^-SO^r ^ ^^-i- 3 If ^t!: tr^l ^^5)- 
*M#^3- ^iflofl^ lOOtorrol^ «a-^^Hl^i -fr^r^ wl^^) Ta0N 

<23> ^"71 TaON^, ^H 1 -^ Ta ^-^71^- 7}i# 

s\.^ 7 )^^ ^ Aj-jjLofl A^-SfljEL ( shower-head) » ^ %)o]*\^<*\)x\ ^ 

3] 0.3H. ^-^^>7ll -g-A}^ 7171M-, 5E±r <#7] Aj-Jf <y^B] 

( injector )# ^§-*fl 3H^W] 5E#^ SE^ #5. -f (counter flow) «<H^S. ^ 

< 24 > S, #7) ti]^^ TaON^ ^aj- ^a], 7^^1-71 ^*1H o 2 7}if 

7l^a}- <y-^ ^ Ta s|-^7l ^<a^=o)l 5~500sccm^ ^t-HH ^ 

<25> iE^V, 1 ^ 2TaON^(32a,32b)^ <^^^£r NH 3 S^r N 2 0 7HH 

t^^5]tf7lL}, UV-O3 SE^ 0 3 ^7l^H^1 ^-^^r A ^lt4. °H, 

^liU*^ ^7]S 1*13 a o v ^^r 0 l-8-*H 650 ~ 950 M ^r£o]]^ n 2 0, 0 2 

<26> zl cf^-, £ ld^fl 51*1^ «>^r 31-R-^«>^-(32) ^*)} 5L^x\}^*] 5. 
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^*1-JI oil- sflE^^H ^^^(34)^ % ^Sl^ £ ^X\*)M 
SlS(Silicon-Insulator-Silicon) ^2i^ Ti^l^ $]2i ^r^tb^. 

lTaON^-(32a)^r ^^>7l ^ofl , ^Ul^On-situ) ^1^1 ^(ex-sit uHH HF, SiF6, 

NF3 ^3 o]± ^q-o^ ^7l# £ai g=i=. HF-g-^i* ol^-*V ^ ^ ^ 

^SLS. *H*-*1^- 7\^s\-^r ^ sf-El-t-g; aflT^cJ.. 7flcf7>, HF °l-g- 

4^^^* ^]S>7l ^AM, NH 4 0H H2SO4 -8-^3 ^v-s-sm 31 

^-g- HF ^31 #/^l ol#^# *f| 71*1-71 14 -S-^^Cunformity)^ 

<28> SE, TaON ^ ^ 1^3H>H *Pf^(30)<y ^e^e)^^ ^1 i«i^ 

^ TaON(32a) *}°}°\] tH^S^I ^sq^r 3# ^l*>7l ^Hf^ M# 

^ *} Jl , TaON S7H1 l~5-g-# NH 3 ^$)7l«*IM Qa)^ #^n># o] -g-§>a^ s>«. 

^^•(30) a^-a- ^sMH^Kr «>^^>cf. 

<29> J£th *Hf*i^ S^^l ^A>^ol ^5}^ ^ *&X\is}51 

■&}¥-^SL5L°] ijH§ H o^l*}7l #e^E-l5j-£l^ ^ TaON ^SMM^T 

^tHS ^^(^mtH l0torr<>lS})*HM ^1°H1- ^ <H*\W N 2 0 

l-fl7H>H #B}^>» °l-8-*H ^^}7\] ^-^s^H 9 s 10A ol*l-<q 

<30> s. 2^ ^r^°ll 4^- 2%- TaON^^M: Ti^l^ «cHHH TaON 

^13^ <H^*8 2)*% Ta0N^<Hl *b^3Hr ^isj-^-l-ol ^ 

51^ 3# M-e}-\H S^olc}. 
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<3i> s. 2 # t25^, A% TaON^-^ w]^^^ ^ 

lTaON^-(32a)* 7}%°)) NH 3 ^ N 2 0 ^7HH <H^* ^l*r^ TaON 

f^^o^ ^db^l-^ 3^ #(H 2 0)^ ^*fl*Kr #i 

*fl ^^^i ^^^-» -R-£§}JL, S TaON^^l^i ^M^l 

^ Ta S^f^ A^-i- ^^Al^tJ-. ne^, TaON «m(32a)*4H ^> fl^ fl^ 
^S}-^#(CO, C0 2 , CH4, C 2 H 4 )°1 *\)7]s\5L, ^&cA $-5.^°] ¥-£ «<M 

<32> p^7MS, ^-71 ^1 lTaON^-(32a) TaON(32b)* t\-X\ ^7)S.o\) 

*] 5~60^-# 5£^ #4? -^^^r lg-~10£-^E. NH 3 iE^r N 2 0 ^H 7HH ^*1*V 

^ *fl 2TaON ^(32b)tflofl ^ 3^ ^HhS^l^ #o] ^]7ls]jl, ^-^^ ^ 

<33> o]d\] ^ f ti]^^ TaON^-^- : i-(32a I 32b)^: fl^^ -fK££}- ^ A 

(micro crack)^}- ^ #(pin hloe)^ ^-8- ^thi- Ji^J-Sl-JZ. ^-^£(homogeniety)# 



*IH ZL-a-^ Ta0N^( £=30-100)^: ^^*>S.S^, ^efl N0^( £ =4~5)J±i} -fr^ol 
^-JL #Efl JIL-fr^ Ta 2 0 5 ^( £ =25-27)^ -fr^-g: ^iL 

19-11 



1019990068094 2000/10/1 

^ ^ 3*^ Ta 2 0 5 ^ ^/jl^ l^e] -bHHH ^H^^ # 

<35> tj-A] ^*IH, ik*§-& MIS(Metal-Insulator-Silicon) ^2:^ Ta 2 0 5 ^sfMfcH 

*M -B-^^ ^RVs^ 25Av]*}:£LS. gj=7fl ;*)H^- ^ Sl7l 256M^ ^ 

#3 DRAM ^*H1 ^-S.*}: JItH^a]^^ <£-^ <^ £>tj-. 

<36> 31, ^SHMS^ltf^ ^iflolM TaON #^n> ^ a) 

7> °Ulfl-3. ol=o]^]7l tql^ofl ^sfl Ta 2 0 5 ^-^m- #3" ^H^Hr ^S-^H^ 

^ #^1*1 ej ^ 7^ ^ l^el ^rj-. 
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[3^8- 1] 



^ 1^4) $X°)*\, #7] TaON^: oUl^ xfl*] on^X)^^ 

HF, SiF6, NF3 ^ ^ 7 ]# ^ SE^r HF-g-^-i: o] -g-^]- ^ 

fe- 4* TaON^^r ?Hr ^sfl^l^ afla^^l . 



[3^8" 2] 



3] 
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A 3%H1 ^7} HF Sf^-l-i- ol-g-^r ^l^^^^r ^]^\7] , NH4OH 

Stt H2SO4 -g- 0 ^^ >M~8-«H ^3*K=- !^$°-5L f>}^ 

TaON^^- 

[^^8- 5] 

A 9X°]*\, #71 TaON^ ^K8r 600*0 *1 tfS^l #^3- 

vi\<^X\ <£X\£\& ^ ^ t\% TaON^# ^ 7^*13 A3i^. 

6] 

*fl 5fl<H>H, #71 ti]^^ TaON^ #2hgr, Ta #£-^ aj-fl^l* <£7l 

Ta(0C 2 H 5 ) 5 » -fr^ S^7l# ^«fl ^ ^ofl 150- 200 £5. ^3HH 

S ^lslJl #^-7l# ^*fl #^1^1 ;f -g-^-g. ^l^>7l ^*fl 150 °C ^l#sl^ ^ 
^-§- ^ ^71^^- ^b^S ^<y*R=- ^ cf^ TaON^v^ 

7] 

*0 l^Hl Xl<H>H, #7l TaON^I ^ v ^£r, 300 ~ 600 M ^.«)-7l^ 

av ^ifl«*IM Ta^l $m&7}s* «]--§- 7>>i^] NH 3 7fif -R-^€7l# ^Sfl ^3-^ 
cf-S-, 100torr°l*]-3 £-^7H fi^ sM^-g-I- -R-S.*><^ TaON^ #^Hr 3 
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13^8" 8] 

*IH o 2 7>i# 7^3^-7l#^ v £_ Smf ^ *j Ta 2)^7] ^^Hl 

5~500sccm^ igflifl^ ^ ^^-^ 4^1 o. s ^ cf^ TaON^^-ir ^ ^sfl 

9] 

X] &<>H, -^71 wl^^ TaON^I ^^gr, Ta sW^7l# i^-^V 7}if 
I^^J- 10] 

XI sa°H. -SM w]^^ TaON^] Ta s)-^7l# 7>^# 

-g-^Sl-Tfl 3^ ^ilS S}^- Ta0NM>^ ^ ^^H^ ^wj- 
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[3^8- HI 

9X°]*\. TaON^ Ta W^7l« «V-§- 7>^# 

*i<g- ^71^^ *m ^-^i -ei^^i- *h°ib| ^hh ?>£e] u- 

^. 

12] 

*H #7] <^^^-£- NH 3 N 2 0 ^3}7HH 

13] 

1^1 #7] UV-0 3 Sl^r 0 3 £-^7l*HM1 ^-8r <H\i*8 ^ 

14] 

650~950°C^ ^E^H N 2 0 , 0 2 ^ N 2 #°fl^ ^-^HH <H^*Hr ^J^- m^i 

0.5. ^ cf# TaON^-§- ^ ^^IW^ afla^ . 
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15] 

*fl W &<>H, TaON^l a^H l~5^-# NH 3 ^H7HH o] 

TaON^-g- £^ ^^l^ afla^. 
[^^■■sj- 16] 

l^Hl 5a°H, #7] al^^ TaON* oj^o)!, #e^EiSj-^o] TaON 
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[S Id] 




IS. 2] 

IMH 3 N 2 0 iS^5-| 



C + c+ Ta + 


C + 






Ta + 


C + 



34 
30 

32bM2TaONh 
32a(*lI1TaON) 

20 
10 



1 32 



CO, C0 2 , CH 4 , C2H4. H&H?) 
(C + + O* — CO. C0 2 ) 



-32a(Ta + + O* + N — TaON) 



£PI£ E£±r RTP CHy^j 
(N 2 0 SEfe NH 3 



C + c+ Ta + 


C + 




Ta + T a* C+ 


Ta + 


C + 




CO. C0 2 . CH 4 , C2H4, H 2 OH7\ 
( C + + o*- CO, C0 2 ) 



-32b(Ta + + O* + N — TaON) 
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